We studied the dependence of the free thyroxin (r4)index and the ratio of T4 to thyroxin-binding globulin (TBG) on TBG concentrations, using sera from cases of congenital TBG deficiency and congenital TBG excess. Two such sera with similar concentrations of albumin, transthyretin, and free T4 were mixed to provide test samples with TBG concentrations covering the range of clinical interest without changes in the other T4-binding proteins. Total T4, free T4, TBG, triiodothyronine (T3) uptake, and the free fraction of T3 in serum were measured, and we calculated the free T4 indices, T4ITBG ratios, and the free fraction of T4. A 100-fold variation in TBG concentration was associated with a 10-fold variation in total T4, a fourtold variation in T3 uptake, and a 10-fold variation in the T4/TBG ratio. As TBG concentrations increased, the T4ITBG ratio decreased and the free 14 index increased. The free T4 index did not parallel the T4JTBG ratio, and neither the T41TBGratio nor the free T4 index reflected the concentrations of free T4 in serum.
T4ITBG ratio decreased and the free 14 index increased. The free T4 index did not parallel the T4JTBG ratio, and neither the T41TBGratio nor the free T4 index reflected the concentrations of free T4 in serum.
The free thyroxin
index and the ratio of thyroxin CT4)to thyroxin-binding globulin (TBG) have been widely used to "correct" T4 concentrations for variations in TBG concentrations and to provide estimates of free T4 concentrations when thyroid hormone binding is abnormal (1) (2) (3) (4) (5) (6) (7) (8) . Free T4 concentrations are independent of TBG concentrations (9), but the free T4 index (10-12) and the T4/'FBG ratio (12-14)
are not. The extent of their TBG dependence is unclear, however, because there are no systematic data on the influence of variations in TBG concentration on these values when concentrations of albumin, transthyretin (prealbumm), and free T4 are held constant.
Such data cannot be obtained easily. Simply adding purified TBG to low-TBG serum in vitro and assaying will not provide this information, because the process of purification often diminishes the affinity of TBG for T4 (15) and the addition of TBG in vitro would increase T4 binding and decrease free T4 concentrations.
The most appropriate way to examine TBG dependence would be to study naturally occurring, genetically determined abnormalities in TBG concentration, because the TBG in such individuals is physiochemically and immunologically normal (9).
We recently had the opportunity to study two men in good health who had opposite congenital abnormalities: complete TBG deficiency and severe TBG excess. Furthermore, they had similar concentrations of free T4, albumin, and trans- to T (Clinical Assays), and an organic polymer slurry (Beckman Instruments) were also used. In three methods (Nuclear Medical Laboratories, Clinical Assays, and Beckman Instruments) a barbital buffer was used to inhibit thyroid hormone binding to transthyretin.
In another (Abbott Laboratories) a Prigmalate buffer was used, and in yet another (Becton Dickinson) phosphate-buffered saline was used.
In preliminary studies, we compared T3 uptake values in the TBG-excess serum with values in the TBG-deficient serum. All five methods gave similar results. However, there was a slight variation among the methods in the magnitude of the difference between the T3 uptake at the lowest and highest TBG concentrations, with the talc T uptake method showing the least response and the resin T uptake method showing the greatest response to the difference in TBG concentrations.
We therefore report results from only these two T3 uptake methods, because the other methods gave intermediate results and the free T4 indices calculated from them thus were also intermediate. 
Calculations
In calculating the T4PFBG molar ratio, we used 777 Da as the molecular mass ofT4 and 63000 Da as the molecular mass of TBG-i.e., ET4 (pg/L) divided by TBG (mgfL)l x 0.081. The T3 uptakes were expressed as the T3 uptake ratios, calculated as the observed uptake value divided by the mean normal control uptake value for the method. The free T4 index was calculated as the serum total T4 multiplied by the T3 uptake ratio. Figure 1 shows the TBG, T4, and free T4 concentrations measured in the test samples plotted against the concentrations of TBG predicted from the ratio of the high TBG serum to the low TBG serum. The total T4 and TBG radioimmunoassays used in this study gave linear responses over the entire range studied and are therefore appropriate for this application. We have observed other methods that did not give linear responses over this range, and these assays would have introduced technical errors in T4 and TBG determinations that would have affected free T4 index and T/FBG values. Free T4 concentrations were independent of TBG concentrations and normal throughout.
Results
Serum TBG concentrations ranging from <1 mg/L to 100 mg/L were associated with serum T4 concentrations ranging from 27 to 270 4gfL. Over this range, talc T3 uptake ratios varied from 1.72 to 0.54 and resin T3 uptake ratios from 2.62 to 0.51. Figure 2 shows the relationship between the T/FBG ratio and serum TBG concentration. As TBG concentrations declined toward zero, the T4PFBG ratio increased toward infinity (the quotient of any fraction with a denominator of zero). As TBG concentrations increased, the T4!FBG ratio decreased, approaching an asymptote representing the TBG concentration at which the T4 bound to albumin and transthyretin becomes negligible. This is qualitatively similar to the relationship between the T4PFBG ratio and serum TBG concentrations reported by Attwood and Atkin ( were not measured. The free T4 index was also dependent on TBG concentration. Figure 3 shows two corresponding values for the free T4 index. The effect of TBG concentration on the free T4 index was the opposite of the effect of TBG concentration on the T4PFBG ratio. Low TBG concentrations produced a high T/FBG ratio but a low free T4 index.
If the T3 uptake were an accurate reciprocal of TBG concentration, the free T4 index, which is the product of the serum total T4 and the T3 uptake, would parallel the T/FBG ratio. If the T3 uptake were an equivalent to the free fraction of T4, then the free T4 index would parallel the free T4 concentrations. The free T4 index dose-response curve, however, was not similar to either the T/I'BG ratio or the free T4 dose-response curves. The pattern of the free T4 index response to changes in TBG concentration bears no relationship to any known serum constituent and appears to be nonsensical.
The discordance between the free T4 index and the free T4 concentration represents a discordance between the T3 uptake and the free fraction of T4. This discordance might be ascribed to differences in the methods used to separate free hormone from protein-bound hormone in the two methods. Five different T3 separation techniques were studied, however, and all gave similar results. For this reason, we studied the free fractions of both T4 and T3, using equilibrium dialysis, and eaniined the effect of variation in TBG concentration on both. The results are shown in 
DIscussion
The free T4 index was neither an indicator of the T4,TBG ratio nor an indicator of the free T4 concentration, and discordances were particularly striking when TBG concentrations were low. The free T4 index did not perform as some have predicted (4,20) because the T3 uptake was neither a true reciprocal of TBG concentration nor a reliable indicator of the free fraction of T4. The differences we found between T3 binding to serum proteins (the free fraction of T3) and T4 binding to serum proteins (the free fraction of T4) when TBG concentrations are low indicate that no free T4 index value based on a measure of T3 binding to serum proteins (such as the T3 uptake) will be reliable when hypothyroxinemia results from decreased thyroid hormone binding to TBG. This explains the observation that the free T4 index is of little or no value in the differential diagnosis of low total-T4 states (10,21-23) .
The free T4 indices increased as TBG concentrations increased above the normal range despite apparent parallelism between the binding of T3 and the binding of T4 as measured by equilibrium dialysis. This is evidence that the T3 uptake method of assessing T3 binding to serum proteins is not equivalent to the dialysis method, and this would explain why the free T4 index is above normal in some euthyroid individuals with increased TBG concentrations (24-26).
Free The combination of decreased albumin, decreased transthyretin, and decreased free T4 concentrations in pregnancy would, in the aggregate, produce a lower total T4, and hence a lower free P4 index value, than would otherwise be seen in sera with comparable TBG concentrations.
Two basic criteria of the validity of a method for estimating free (unbound) hormone concentrations are the demonstration that results are independent of protein-bound hormone concentration and that they are independent of the concentrations of the hormone-binding proteins themselves. The free T4 index and the T/1'BG ratio fail these tests of validity. When knowledge of free T4 concentration is needed, as it is to distinguish the hyperthyroxinemia of hyperthyroidism from some of the euthyroid hyperthyroxinemias due to increased T4 binding to serum proteins, or to distinguish the hypothyroxinemia of hypothyroidism from the euthyroid hypothyroxinemias due to decreased T4 binding to serum proteins, the free T4 index and the T/BG ratio are no substitute for the measurement of free T4 (16,26,34).
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